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Abstract 
Quality of Service (QoS) is becoming a key problem fo r Real Time (RT) traffic 
transmitted over Wire less Local Area Network (WLAN ). In thi s projec t the recent 
proposals for en hanced QoS performance fo r RT multimedia is eva luated and 
analyzed. Two simu lat ion models for EDCF and HCF protocols are exp lored using 
OPNET and NS-2 simul at ion packages respectively. From the results of the 
simulat ion, we have studi ed the limitati ons of th e 802. 1 le stand ard fo r RT 
multimed ia communi cation and analysed the reasons of the limitatio ns happened and 
proposed the so lutio ns for improvement. 
Since RT multimedia communication encompasses time-sensitive traffic , the measure 
of quality of service generall y is minimal delay ( latency) and delay vari at ion Uitte r). 
802.11 WLAN standard foc uses on the PHY layer and the MAC layer. The 
transmitted data rate on PHY layer are increased on standards 802. 11 b, a, g, j, n by 
different code mapping technologies while 802. 11 e is developed speciall y for the 
QoS performance of RT-traffics at the MAC layer. 
Enhancing the MAC layer protocols are the signifi cant top ic for guaranteei ng the QoS 
performance of RT-traffi cs. The orig ina l MAC protoco ls of 802.11 are DCF 
(Di stributed Coordination Function) and PCF (Point Coordinator Func ti on). They 
cannot achieve the required QoS performance fo r the RT-traffi c tran miss ion. 
IEEE802. I le draft has developed EDCF and HCF instead . Simulation results of 
EDCF and HCF model s that we explored by OP ET and NS-2 , show that minimal 
latency and jitter can be achieved . However, the limitations of EDCF and HCF are 
identified from the s imulation results. EDCF is not stable under the high network 
loading . The channel utilizati on is low by both protoco ls. Furthermore, the fairness 
index is very poor by the HCF. It means the low pri ority traffi c should starve in the 
WLAN network. All these limitati ons are due to the priority mechani m of the 
pro toco ls. 
We propose a future work to develop dynamic self-adapti ve 802. 11 e protocol as 
practi ca l research directi ons. Because of the uncertainl y in the EDCF in the heavy 
loading, we can add some parameters to the tra ffi c loading and channel condition 
effi ciently. We provide indicati ons for adding some parameters to increase the EDCF 
performance and channel utili zati on. Because all the limitati ons are due to the pri ority 
mechani sm, the other directi on is doing away with the priority rule fo r reasonab le 
bandwidth all ocati on. 
We have establi shed that the channel utili zati on can be increased and co lli ion time 
can be reduced for RT-traffics over the EDCF pro tocol. These parameters can include 
load ing rate, co lli sion rate and total throughput satu rati on. Fu rther simulation should 
look for opt imum values for the parameters. Because of the huge polling-induced 
overheads, HCF has the unsati sfi ed tradeoff. Thi s leads to poor fa irne . . and poor 
th roughput. By developin g enhanced HCF it may be poss ible to enhance the RI 
polling interva l and TXOP allocation mechani m to get better fa irne s index and 
channel utili zati on. From the simulati on, we noti ced that the tra ffi cs deployment 
could affect the total QoS performance, an indication to explore whether the 
classifi cation of traffics deployments to di fferent categori es is a good idea. With 
different load-based traffi c categori es, QoS may be enhanced by appropri ate 
bandwidth allocati on Strategy. 
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1.1 BACKGROUNDS 
CHAPTERt 
INTRODUCTION 
With the explos ive growth of the IP-based network , Qua lity o f Se rvice (QoS) is 
beco min g a key issue fo r Real Time (RT) traffi c transmitted over Wirel ess Loca l Area 
Network (WLAN). 
Because IEEE802. l I technology can prov ide cheap and fl ex ible wire less access 
capability, more and more vendors be li eve th at it will pl ay an important role in the future 
wire less communi cati on system. 
In the pas t, IEEE802. l I ju st prov ided better qu a lity of service fo r the conventi onal data 
transmi ss io n . After a ll , WLA has d iffere nt architecture against wired LA : its 
transmi ss io n med ium is by radi o frequency (RF) or Infra-Red (JR). These results into 
lower band width and hi gher loss rate o r bite e rror rate (BER). The o riginal 802. 11 
standard is des igned fo r best-effo rt data transmi ssio n. However, real-time voice, audi o 
and video traffi c are successfull y transmitted over wired IP-based network today. It 
requ ires WLA N to prov ide good QoS perform ance fo r the RT-traffic . More and more 
people began to research perfo rmance of RT-traffic over WLA N with e nhanced QoS. 
1.2 SCOPE AND OBJ ECTIVES OF THE THESIS 
Fi gure 1-1 presents the main network protoco l a rchitecture . 1EEE802 . l l WLAN co vers 
Ph ysical layer and the MAC layer of the Data Link layer. The QoS perfo rm ance of RT-
traffi c is re lated with every layer of the network architecture. While thi s study is foc used 
on the PHY layer and MAC sub-Layer of th e OSI (Open Syste m Interconnection ) 
stand ard . 
WLA PHY layer is required to transmit a bit stream over physical Wireless mediums. 
The physical layer has two sub-l ayers called PLCP (Physical Layer Convergence 
Protocol ) and PMD (Physical Medium Dependent) [I]. There are three types of physical 
layers. Two of them are used a radio frequency and one is for infrared. The PLCP 
sub layer provides a carrier sense signal, called c lear channe l assessment (CCA) and 
provides a common PHY service access point (SAP) independent of transmission 
technology. The PMD is the layer responsible for the modulation and encoding/decoding 
of the signal. The PLCP and PMD sub-layers vary based on 802.1 1 types [2]. There are 
four basic PHY concepts and building blocks in the different PMDs that each 802.11 
PHY provides . They are scrambl ing, coding, interleaving, symbol mapping and 
modulation. The different symbol mapping and modulation is the main difference among 
the IEEE802. I I protocol s based PHY layer. 
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Figure 1-1 802.11 WLAN protocols in Network Architecture 
According to Shannon ' s Law, the capacity of the signal transmission speed rate is 
directly proportioned to the transmi ss ion bandwidth [3]. It became a base design idea for 
QoS en hancement exp loring the physical layer of WLAN. 802 .11 b, 802. 11 a, 802. 11 g, 
802.1 I h and 802.1 In increase the data rate from I Mbps to more than I 00 Mbps with 
different symbol mapping and modulation technologies [4]. 
From figure 1-1 , the Data Link layer includes the LLC sub- layer and MAC sub- layer, 
802.1 I WLAN does not cover the LLC sub- layer. The 802.11 MAC layer provides 
functionality to a llow reliable data delivery for the upper layers over the wireless PHY 
media. The data delivery itself is based on an asynchronous, best-effort, connection less 
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delivery of MAC layer data . The 802 .11 MAC provides a controll ed access method to the 
shared wireless medi a. 
Ori gi nall y, the 802. 1 I MAC layer mechani sm is based o n CSMA/CA (Carrier Sense 
Multipl e Access with Collision Avoid). It has two approaches: Di stribu ted Coordination 
Function (DCF) and Poi nt Coordination Functio n (PCF) [5] . DCF does not support any 
QoS guarantees fo r RT-traffi c and PCF has limitati ons leadi ng to poor RT-traffic QoS 
performance. Recen tl y, different kinds of QoS enh ance ment schemes for both 
infrastructure and ad-hoc modes have been proposed fo r 802. 1 I MAC layer. On the bas is 
of these results, the 802. 1 I group was drafted a protocol 802. 11 e fo r RT-traffic QoS over 
WLA and finial published on 2 1 November 2005. 
Genera ll y, the MAC technol ogy is the key for the QoS performance of RT-traffi c over 
WLAN 802. 11 [6]. In the WLAN 802. 11 fa mil y, the 802. 11 e is being drafted speciall y to 
deal with the QoS question. 
The main objective of the thesis is to present and evaluate the QoS performance of RT 
traffi c over the IEEE802. I I WLA , foc using on the MAC layer of protocol. For 
studyi ng the RT-traffi c's OoS enh ancement in 802. 1 I WLA , it gives a survey and 
analys is fo r the architecture and the mechanism from curren t 802. 1 I WLA and some 
QoS en hancement proposals . Thi thesis attempts to find the limitati ons of the upcoming 
802. 1 I e, proposes and studies some so luti ons fo r e nh ancing the QoS performance of RT-
traffi c. The main co ntributi ons are as fo ll ows: 
• A criti cal study of performance evaluati o n of the RT-traffi c over QoS based on 
the original IEEE802 . I I protocols. 
• An in-depth ana lysis of the current proposed ideas fo r the MAC layer to enhance 
performance of RT-traffi c over WLA . 
• Performance evaluation of the RT-traffi c with QoS enhancement for the 
upcomin g 802.11 e protocol. 
• Analysis and s imulation performance of the RT-traffic. Analys is and s imulation 
of the original IEEE802. I I MAC protocols and PHY layer protocols for 
enhancement of QoS . 
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• Explore the EDCF mode l by OPNET and the HCF mode l by NS-2 
,- An alysis and simul ati o n of the QoS perform ance of the RT-traffic based on the 
EDCF and HCF. 
:,.. Limitations analysis and resolution proposes of the upcoming 802.1 1 e for RT-
traffic QoS perform ance over WLA 
In o rder to cover the above topics, the thesis is di vided into eight chapters. The outline o f 
the chapter is given in the next secti on. 
1.3 O UTLI E OF THE THESIS 
C hapter I prov ides the techno logy bac kground and overview of the th es is . It presented 
the Scope and object and outline of the thesis. The main sub-topics of thi s thes is are 
iss ued. The outline of the thes is is given. 
C hapter 2 introduces so me detail fo r the WLA N characteri sti c . Meanwhil e, it prov ides 
the bas ic kn owledge fo r lEEE802. l I and compares the current wire less sche me to 
illustrate wh at is the advantage and di sadvantages fo r traffic transmi ssion. 
Chapter 3 prov ides bas ic concepts of the QoS and RT-traffic used in thi s thesis. It 
presents the basic measured fac tors of QoS in the network fo r the fo ll owing chapters. It 
analyses the QoS perfo rmances of RT-traffic against best-effort data traffic. The chapte r 
presents the RT-traffic concept and its QoS requirements. It analyses the detail of the 
parameters and fin all y, expl ains the wired QoS techno logies to fetch up the same topic in 
the nex t chapte r fo r WLAN . 
Chapter 4 describes the issues of WLAN QoS, it illustrates traffi c over MAC layer and 
analyses the exi sting protoco ls: DCF and PCF. Fina ll y, based on the mechani sms, it 
determines the limitations for RT-traffi c QoS over WLAN. 
Chapter 5 focu ses on the QoS enh ancement based on 802 . 11 WLA . It continues to 
study MAC layer protocol s. Based on the challenges in MAC layer, the chapter analyses 
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the advantages and di sadvantage for so me proposed enh ancement schemes based on PCF 
and DCF. In fac t, the upco min g 802. 11 e exactly is based o n these proposed schemes. 
Based o n these analyses, the chapter illustrates the upcomin g 802. 1 le fo r RT-traffi c QoS 
perform ance. It ana lyses the mechani sm of 802 .1 I e fro m the AC defi niti on, AIFS , bac k-
off mec hani sm, TXOP-EDCF and ad mission co ntrol for EDCF. The chapter also 
analyses the access occur, admi ss io n cont ro l and the a lgorithm schedule of 802. 11 e draft 
fo r HCF. 
Based on the above know ledge and ana lysis, the ways are three methods to stud y the 
802. 1 I e physically. The three methods are: math emat ical analys is meth od, ex perimenta l 
method a nd simulati on method. After analyses, we decide to employ the simulati on 
method to study the protocol. 
In chap ter 6, we exp lore the mode ls of the EDCF and HCF by OPNET and NS-2 
re pectively. We sim ul ate the protocols to measure the QoS for RT-traffic performance 
over WLAN. The chapter foc uses on analyzing delay, ji tter, and throu ghput and packet 
loss rate. These key QoS facto rs covered by 802. 1 I protoco ls without some measures are 
just for hi gh layer in OSI system. As we know, the RT-traffic are the time-sensitive 
traffic; delay is the most important fac tor. 
In chapte r 7, based on the data of the s imul at ion in chapter 6, we do fu rth er ana lys is fo r 
the topic. Because nowadays the upcomin g 802. I I e is unstable in so me cases, the chapte r 
attempts to find the limitati ons in the 802. 1 le. B y the mathemati ca l model ana lys is, the 
chapte r presents so me relationships among the parameters in the 802.1 I e mechani sm. At 
the end of thi s chapter, so me prediction of the RT-traffic over WLAN and some 
proposals fo r so luti on to the 802. 1 le limitations are given. 
Chapter 8 gives the conclusion for the thesis. It presents the contributions of thi s thesis in 
thi s research field and gives some research direction for further work rel ated to QoS 
performance of RT-traffic over 802 . 11 WLAN. 
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